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Title of the Invention 

ROTOR OF ELECTRIC MOTOR AND METHOD FOR MANUFACTURING THE SAME 
Technical Field 

[0001] The present invention relates to an electric motor for use with a household electrical 
appliance such as an air conditioner, industrial equipment and the like, and more particularly to a 
rotor of the electric motor causing little vibration during rotation, and moreover having a number 
of advantages in the manufacture. 

Background Art 

[0002] The electric motor has been used for various electrical products, and as regards the air 
conditioner, in most cases, for its fan motor, there has been used an inner rotor type fan motor, in 
which a rotor is arranged inside a stator for generating a revolving magnetic field. 
[0003] As the air conditioner is installed indoors, silence is required of the electric motor. 
In order to comply with this request, the inner rotor type has been improved in various ways, and 
its one example has been disclosed in Japanese Patent Application published under Publication 
No. 7-32841. 

[0004] As shown in a cross-sectional view of FIG. 4 and a side view of FIG. 5, the rotor of 
this electric motor has a rotating shaft 1 and a permanent magnet 3 formed in a ring shape to be 
arranged coaxially to the rotating shaft 1 . A rotational support (core) 2 having smaller outside 
diameter than an inside diameter of the permanent magnet 3 is fixed to the rotating shaft 1 . 
[0005] On coupling the rotating shaft 1 to the permanent magnet 3, a pair of left and right 
cushioning members 4 and 5 made of rubber are fitted in from the opposite side respectively 
along the axial direction of the rotating shaft 1 in such a manner that they sandwich the rotational 
support 2 therebetween fi-om both sides and that they enter between the rotational support 2 and 
the permanent magnet 3. 

[0006] Thus, after end plates 6 and 7 are applied to the outside of each cushioning member 
4, 5 while predetermined pressure is being applied, several (two pieces in this example) pins 8 
are inserted through from one end plate 6 side to the other end plate 7, and their pin ends are 
fastened by belleville spring-shaped stoppers 9. 

[0007] Thereby, the cushioning members 4 and 5 expand by pressure to be given by the end 
plates 6 and 7 to be brought into tight contact with the rotational support 2 and the permanent 
magnet 3 so that the rotational shaft 1 and the permanent magnet 3 are integrally assembled. 
[0008] According to this structure, even if vibration is caused in the permanent magnet 3 
during rotation, the vibration is absorbed by the cushioning members 4 and 5, and is not conveyed 
to the rotating shaft 1, and therefore, a vibration isolation effect is exhibited. Also, the structure 
of the cushioning member 4 or 5 is made bilaterally symmetrical, whereby both inclination and 
eccentricity of the permanent magnet 3 can be prevented. However, there was the following 
problem in the manufacture. 

[0009] More specifically, in order to make a contact area between the rotating shaft 1 and 
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the cushioning member 4, 5 larger, and to strongly couple them, it is necessary to fix the 
rotational support 2 to the rotating shaft 1. Also, in order to prevent the permanent magnet 3 
from inclining and decentering, two cushioning members 4 and 5 having the left-right symmetrical 
shape are required, and in addition, the end plates 6 and 7 for fixing those, pins 8 and stoppers 9 
are required, and the total number of parts becomes large to increase the manufacturing cost. 
[0010] Next, as a result of a trial operation by actually mounting, for example, a fan to the 
rotating shaft 1 as a load after an electric motor is assembled using this rotor, when natural 
frequency of the load coincides with torsional natural frequency of the rotating shaft 1 to cause 
resonance, the design is forced to be substantially changed because the number of parts is large, 
and it may come to the push to design the electric motor over again at the worst. 

Summary of the Invention 

[0011] According to the present invention, it is possible to manufacture the electric motor at 
low cost by realizing vibration isolation, eccentricity and the like of the rotor with a small number 
of parts. It is also possible to easily cope with even resonance which occurs between the electric 
motor and a load without involving changes in the design to a large extent, and to obtain an 
electric motor excellent in adaptability to various products. 

[0012] For this reason, the present invention is characterized in that a rotor of an electric 
motor to be arranged inside a stator for generating a revolving magnetic field is provided with a 
permanent magnet formed in a ring shape; a rotating shaft arranged at the center of the permanent 
magnet; and a cushioning member made of rubber material having predetermined hardness, 
vulcanized and molded between the permanent magnet and the rotating shaft, characterized in that 
the permanent magnet and the rotating shaft are integrally coupled through the cushioning 
member. 

[0013] According to a preferred embodiment of the present invention, on the inner peripheral 
surface of the permanent magnet, there is formed a protruded portion which enters the cushioning 
member as an anchor. 

[0014] For the above-described protruded portion, the plurality of protruded portions may be 
provided at predetermined intervals circumferential ly on the inner peripheral surface of the 
permanent magnet, or formed in a series of flange shape circumferentially on the inner peripheral 
surface of the permanent magnet. 

[0015] Also, joining of the permanent magnet and the rotating shaft to the cushioning 
member is preferably further reinforced by adhesive. In addition, a joined state of the rotating 
shaft and the cushioning member can be ftirther reinforced by baking means using, for example, 
high frequency. 

[0016] By taking such measures, the permanent magnet and the cushioning member, and the 
cushioning member and the rotating shaft are reliably joined respectively, and the permanent 
magnet and the rotating shaft are made integral through the cushioning member, and therefore, a 
rotating force of the permanent magnet is reliably transmitted to the rotating shaft, and strength 
capable of withstanding the rotating torque can be obtained. 



[0017] It is also one of characteristics of the present invention that the above-described 
cushioning member is provided with displacement absorbing means for absorbing displacement of 
the cushioning member. 

The displacement absorbing means may be a plurality of through-holes formed in the 
cushioning member in parallel to the rotating shaft, or a plurality of recesses formed on both 
surfaces of the cushioning member, and in either case, absorbs displacement of the cushioning 
member to enhance the vibration isolation effect. 

[0018] In this respect, for the above-described cushioning member, there are applicable 
various rubber material such as, for example, nitrile rubber (NBR), ethylene-propylene rubber 
(EDPM) , butyl rubber (IIR) , and chloroprene rubber (CR) , and of these, the chloroprene rubber 
is preferable, which is easily available at low price, and yet is excellent in resistance to climate, 
resistance to chemicals, mechanical characteristics, adhesion properties and formability. 
[0019] Also, a method for manufacturing a rotor of an electric motor according to the present 
invention is characterized in that a permanent magnet formed in a ring-shape in advance and a 
rotating shaft are concentrically arranged within a metal mold, thereafter, rubber material in fluid 
state is poured into space between the permanent magnet and the rotating shaft to vulcanize and 
mold a cushioning member having predetermined hardness, and the permanent magnet and the 
rotating shaft are integrally coupled through the cushioning member. 

[0020] In terms of weight reduction, the permanent magnet is preferably of plastic magnet, 
and in this case, when the cushioning member is vulcanized and molded within space between the 
permanent magnet and the rotating shaft, the molding temperature is controlled to be equal to or 
less than temperature at which the plastic magnet does not become deformed. 
[0021] The manufacturing method according to the present invention includes a first aspect 
of applying adhesive to both the inner peripheral surface of the permanent magnet and the rotating 
shaft, or either of them prior to vulcanizing and molding of the cushioning member, and a second 
aspect of further baking a joined portion between the rotating shaft and the cushioning member 
after vulcanizing and molding of the cushioning member. 

Brief Description of Drawings 

[0022] FIG. 1 is a cross-sectional view schematically showing a rotor of an electric motor 
according to an embodiment of the present invention; 

FIG. 2 is a side view showing the rotor shown in FIG. 1 ; 

FIG. 3 is a schematic cross-sectional view showing a metal mold device for use in a 
manufacturing method according to the present invention; 

FIG. 4 is a cross-sectional view schematically showing a conventional rotor of an 
electric motor; and 

FIG. 5 is a side view showing the rotor shown in FIG. 4. 

Detailed Description 

[0023] First, with reference to the cross-sectional view of FIG. 1 and the side view of FIG. 



2, the description will be made of an embodiment according to the present invention. In this 
respect, in the present embodiment, the structure of the stator side for generating a revolving 
magnetic field has nothing direct to do with the gist of the present invention, and therefore, its 
illustration is omitted. 

[0024] This rotor 10 is provided with a permanent magnet 11 formed in a ring shape; a 
rotating shaft 12 inserted through in the center thereof; and a cushioning member 13 made of 
rubber material having predetermined hardness, vulcanized and molded between the permanent 
magnet 11 and the rotating shaft 12, characterized in that the permanent magnet 11 and the 
rotating shaft 12 are integrally coupled through the cushioning member 13. 

[0025] According to the present embodiment, the permanent magnet 1 1 is made of plastic 
magnet, and on the inner peripheral surface thereof, there is formed a protruded portion 11a which 
enters the cushioning member 13 as an anchor. For the protruded portion 11a, the plurality of 
protruded portions may be arranged at regular intervals circumferentially, or formed in a 
continuous flange shape. In this respect, the present invention does not exclude any permanent 
magnet made of metal, but the permanent magnet 1 1 may be made of metal. 

The rotating shaft 12 may be merely cylindrical column-shaped, and has no rotational 
support (core) 2 unlike the conventional example shown in FIG. 4. 
[0026] In the present embodiment, for the cushioning member 13, 

the chloroprene rubber (CR) is used because it is easily available at low price, and yet is excellent 
in resistance to climate, resistance to chemicals, mechanical characteristics, adhesion properties 
and formability. The cushioning member 13 is formed by filling the space between the 
permanent magnet 11 and the rotating shaft 12 with chloroprene rubber in fluid state and 
vulcanizing. 

[0027] Also, the cushioning member 13 is provided with displacement absorbing means for 
absorbing any displacement of the cushioning member 13. In the present embodiment, the 
displacement absorbing means is shown as through-holes 13a parallel to the rotating shaft 12, and 
the plurality of through-holes are provided with predetermined intervals in a direction of the 
circumference of a circle with the rotating shaft 12 being centered. 

[0028] In this respect, in place of the through-hole 13a, a plurality of recesses (non-through 
holes) may be formed respectively on both sides of the cushioning member 13. 

Next, with reference to FIG. 3, the description will be made of a method for 
manufacturing the rotor 10. First, the permanent magnet 11 formed in a ring shape in advance 
and the cylindrical column-shaped rotating shaft 12 will be concentrically set within a metal mold 
15. 

[0029] At this time, the inner peripheral surface of the permanent magnet 1 1 and the surface 
of the rotating shaft 12 are kept coated with adhesive 14. In this respect, a coating range of the 
adhesive 14 is only a place in contact with the cushioning member 13. 

Then, the metal mold 15 is closed, and chloroprene rubber, which is material for the 
cushioning member 13, is poured into space between the permanent magnet 1 1 and the rotating 
shaft 12 through a filler hole 15a and is vulcanized to mold the cushioning member 13. 



[0030] On vulcanizing and molding this rubber, temperature of the metal moid 15 and 
injection temperature of the molding material (chloroprene rubber) are preferably prevented from 
reaching deformation temperature of the plastic magnet, which is material of the permanent 
magnet 11. 

Thus, within the metal mold 15, it is possible to manufacture a rotor 10 obtained by 
making the permanent magnet 11 and the rotating shaft 12 integral through the cushioning 
member 13. 

[0031] In this respect, although FIG. 3 does not show a through-hole 13a as the displacement 
absorbing means, a pin is stood at a formation position of the through-hole 13a on the metal mold 
15, and the through-hole 13a is formed by the pin. 

Unlike this, after the cushioning member 13 is molded and is taken out of the metal 
mold 15, the through-hole 13a (or a recess) may be formed by using, for example, a drill or the 
like. 

[0032] According to this rotor 10, since the cushioning member 13 made of rubber material 
is interposed between the permanent magnet 11 and the rotating shaft 12, vibration, eccentricity 
and inclination caused by rotation of the permanent magnet 11 can be prevented by the 
cushioning member 13. 

[0033] Also, through the through-hole 13a (or recess) of the cushioning member 13, the 
displacement of the cushioning member 13 itself is absorbed, and therefore, its vibration isolation 
effect can be enhanced. 

[0034] Also, for main components, only the ring-shaped permanent magnet 11, a merely 
cylindrical column-shaped rotating shaft 12 having no slip preventing means (rotational support 2 
of FIG. 4) and the cushioning member 13 will suffice so that a number of components are not 
required unlike the above-described conventional example, and therefore, the electric motor can be 
manufactured at low cost. 

[0035] Further, the use of the above-described manufacturing method under temperature 
control does away with the need to perform subsequent processing by cutting and the like for 
truing up the outside diameter (external shape of the rotor) of the permanent magnet 11. 
Accordingly, the manufacturing number of man-hours requires an exceedingly low one so that the 
manufacturing cost can be further reduced. 

[0036] In this respect, the hardness of the cushioning member 13 can be selected by 
empirically obtaining hardness, at which the vibration to be generated by the permanent magnet 
1 1 during rotation can be absorbed most effectively. Also, when, for example, a fan is driven by 
an electric motor using this rotor 10, the torsional frequency of the rotating shaft 12 is determined 
by the rotor 10 and its fan. According to the present invention, only by appropriately changing 
the hardness of the rubber material, it is possible to avoid the resonance phenomenon without the 
need for a change in design to a large extent. Therefore, it is possible to obtain an electric motor 
excellent in adaptability for various equipment. 

[0037] In this respect, in the above-described embodiment, in order to further enhance the 
joining strength between the permanent magnet 11 and the cushioning member 13, a protruded 
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portion 11a is provided inside the permanent magnet 11, and adhesive 14 is further used dually, 
and either of them may be omitted. 

[0038] Also, in place of the adhesive 14, particularly on the rotating shaft 12 side, after the 
rotating shaft 12 is set within the metal mold 15 and rubber material is molded between them, the 
rubber material of the cushioning member 13 can be baked to the rotating shaft 12 by applying 
the high frequency welding method (Induction Heating Method) between the metal mold 15 and 
the rotating shaft 12. 

[0039] While in the foregoing, the description has been made of the present invention with 
reference to specific embodiments, modifications and equivalent techniques which will readily 
occur to those skilled in the art based on the description should be naturally included in the 
Claims of the present invention. 



